Abstract: In the last decades there was an increase in stress at work and its effects on workers' health. These issues are still little studied in the electric utility sector. This study aims to evaluate factors associated with stress at work and to verify its associations with health status among workers of an electric company in São Paulo State, Brazil. A cross-sectional study was conducted with 474 subjects (87.5% of the eligible workers). Data were collected using self-reported questionnaires. A descriptive analysis, a multiple linear hierarchical regression analysis and a correlation analysis were performed. The majority of participants were males (91.1%) and the mean age was 37.5 yr. The mean score of stress level was 2.3 points (scale ranging from 1.0 to 5.0). Hierarchical multiple analyses showed that: regular practice of physical activities (p=0.025) and individual monthly income (p=0.002) were inversely associated with stress level; BMI was marginally associated with the stress level (p=0.074). The demographic characteristics were not associated with stress. Stress at work was significantly associated with physical and mental health status (p<0.001). To improve health of electric utility workers, actions are suggested to decrease stress by remuneration and an appropriate practice of physical activity aiming reduction of BMI.
Introduction
New work systems and organizational practices have generated outstanding changes in the characteristics of work, among these a transition from physical to mental tasks, which favors the incidence of stress related to work 1, 2) . Stress at work, which results from an inadequate work design, bad work organization and/or work management interacting with individual characteristics has the potential to be detrimental to workers. In the last decades, stress at work has become a significant concern to public health in view of the damage it causes to the workers, companies and the society as a whole 1, 3) .
Work in the electric utility sector is designed for generation, transmission and distribution of electric power. It is characterized by exposure to multiple stressors: physical, biomechanical, biological and psychosocial factors 4, 5) . As examples, can be cited the risk of electric shock, injury and trauma resulting from accidents during maintenance services of electrical systems, inadequate body posture, cognitive efforts in the interpretation of plants and sketches, traffic accidents, exposure to bad weather conditions, threat of unemployment, pressures of deadlines and responsibility for excellence at work [4] [5] [6] [7] .
In the last few decades, as a consequence of changes occurring in work relations and work processes, the mental load upon such workers has been intensified leading to an increase in stress at work, with possible negative consequences to the workers 4, 5, 7) . Nevertheless, the literature approaching stress at work of this professional category is scarce; besides that, the large majority of publications is concentrated on matters related to exposure to electromagnetic fields [8] [9] [10] .
The aims of the present study are to evaluate factors associated with stress at work and to verify if stress at work is associated with health status among electric utility workers.
Subject and Methods

Study design
This cross-sectional study was carried out at a utility electric power company in the region of Campinas, State of São Paulo, Brazil, in 2005.
Study population and sample
The studied population comprised personnel from Electric Power Transmission, Electric Power Distribution and Administrative (Human Resources and Accounting) sectors. All 543 individuals working in the studied sectors for at least six months prior to this investigation were invited to participate. Those who were on sick leave, maternal leave or on vacation (n=39) were not invited to join the study. A total of 474 workers (87.3% of the eligible participants) agreed to fill out the questionnaire.
No significant differences (p>0.05) were observed concerning sex, work sector and time on the job were observed among those who agreed to participate and those who didn't. Data for participants vs. non-participants were respectively, 91.1% and 94.2% males, 66.5% and 66.7% of the Electric Power Distribution Sector, and years on the job 13.0 (SD 7.5) and 12.2 (SD 6.8) yr; there was a statistically significant difference (p=0.029) in relation to age: mean 37.5 (SD 8.0) and 39.7 (SD 7.2) yr.
Research instruments
A comprehensive self-report instrument including socio-demographic and occupational characteristics, as well as data on lifestyles and work stress was used. The first part of the instrument was composed by objective questions about socio-demographic and occupational characteristics: sex, age, marital status, schooling, time on the job, work sector, job title, shift work, job content and monthly income.
The second part of the instrument was about lifestyles and three questionnaires were included. The Baecke questionnaire investigates the habitual physical activity by means of 16 questions concerning occupational physical activities, physical exercises in leisure and locomotion physical activities, and it was validated for use in Brazil 11) . Cigarette smoking was estimated by the daily consumptions of cigarettes. It was used the Alcohol Use Disorders Identification Test (AUDIT), which assesses alcohol addiction, as recommended by the World Health Organization, and the categories were: never drink alcohol (0 points), alcohol consumption (≥1 and <8 points), alcohol dependence (≥8 points) 12) . The Body Mass Index -BMI was used to assess the nutritional status, and the categories were: eutrophic (<25.0 kg/m 2 ), overweight (≥25.0 and <30.0 kg/m 2 ) and obesity (≥30.0 kg/m 2 ) 13) .
A third part of the survey included the questionnaire Medical Outcomes Study 36 -Item Short Form Health Survey (SF-36). This is a comprehensive perception of health evaluation, and comprises 36 items included in eight scales: physical functioning, role-physical, bodily pain and general health which express physical health; vitality, social functioning, role-emotional and mental health which express mental health 14) . Each scale scores 0 to 100 points and the used questionnaire was translated and validated for Portuguese language spoken in Brazil by Ciconelli (1997) 15) . The fourth part of the questionnaire was the Work Stress Scale (WSS) which provides a general measure of stress at work based on 23 questions about different work psychosocial aspects. Each question presents a situation of exposure to stress at work, and answers portray the worker's perception about this situation in their daily work through a 5-points scale going from the best (1 -completely disagree) to the worst situation (5 -completely agree). The means of the results generates a final score that ranges from 1.0 to 5.0 points. The WSS was built and validated for use in Brazil 16) .
In this study population, the reliability of the questionnaires was assessed by the Cronbach's coefficient alpha and showed the following results: WSS: α=0.94; Baecke's questionnaire α=0.66; AUDIT questionnaire α=0.79; for all SF-36 scales the results were α ≥ 0.72.
Statistical analyses
A descriptive analysis was performed by using means, standard deviations, minimum and maximum values of the scores attributed to continuous variables and ratios referring to categorical variables. The Kolmogorov-Smirnov test was performed to check adherence of the score of stress at work to normal distribution, thus determining the type of statistical tests to be performed. The association between stress at work and the continuous variables was initially tested by using Spearman's correlation coefficients (non-parametric variables) and Pearson's correlation coefficients (parametric variables); as for categorical variables, the Mann-Whitney and the Krüskal-Wallis tests were used. Finally, a hierarchical multiple linear regression analysis was conducted. A 5% level of significance was used for all performed analyses.
The order of entry in the model was as follows: demographic features, lifestyles and occupational characteristics. The sociodemographic characteristics and lifestyles comprised the first and the second level of the hierarchical model respectively. Such option was based on a conceptual model whose purpose is to explain the process of stress at work which considers the individual characteristics as the process basis, as such characteristics may interact with work risk factors and may either worsen or soften their effects 17) . The occupational characteristics have been incorporated into the third level because they may define the characteristics and qualities of the work conditions, thus influencing the level of stress 1, 18, 19) .
The association between stress at work and the health status variables was tested by using Spearman's correlation coefficients.
Ethical aspects
The project was approved by the Ethics Committee of the School of Public Health of the University of São Paulo. It followed the principles of the Declaration of Helsinki issued by the World Medical Association. Workers participation was voluntary upon signature of a formal consent.
Results
Descriptive statistics
The categorical variables of socio-demographic, occupational and lifestyles features are shown in Table 1 . Most participants were males (91.1%), married or living with a partner (75.1%), and the majority had high school (64.8%) or College education (26.8%). Mean age was 37.5 (SD 8.0) yr.
The majority worked in the Power Distribution Sector (66.5%); 58.6% of the study population occupied job titles as distribution electricians and live line distribution electricians. The workers performed activities mainly during day shifts (94.3%). Seventy-seven point eight of the studied workers performed miscellaneous jobs which involved physical and mental tasks. Monthly payment ranged from 640 to 1,750 USD in 94.1% of the studied population. Mean years on the job were 13.0 (SD 7.5).
The large majority (98.1%) reported regular practice of physical activities, with the mean score of Baecke questionnaire reaching 8.5 points on a 15.0-point scale. Regular tobacco users were 14.6%, and 78.7% reported to consume alcoholic drinks; among those, 22.2% showed a result of AUDIT questionnaire suggesting alcohol dependence. Overweight or obesity prevailed among 59.7%, and the mean of body mass index was 26.4 (SD 3.9) points.
The health dimensions that were assigned the highest scores were: physical functioning, role-physical, roleemotional and social functioning, scoring 82.4 points or above on a 100-point scale (Table 2 ).
Stress at work showed an average of 2.3 points on a 5.0-point scale (SD 0.7). The psychosocial aspects of the work environment that represented the main sources of stress were: discrimination/favoritism at the workplace, poor appreciation by superiors, slim perspective of professional growth, lack of information on organizational decisions, and the way tasks were distributed (Table 3) .
Analysis of associated factors with stress at work
The results of the association tests are shown in Tables  4 and 5 . Factors closely associated with stress at work were marital status (p=0.040); body mass index (p=0.025); practice of physical activities (0.044) and time on the job (p=0.037).
The results of the hierarchical multiple linear regression model are shown in Table 6 . The first level variables (socio-demographic) weren't associated with stress at work. At the second level (lifestyle variables), only the practice of physical activities was associated with stress at work (p=0.025) -the more intense the practice of such activities, the lower the level of perceived stress at work. At the third level (occupational variables), only the monthly income showed a statistically significant association with stress (p=0.002), -the higher the income, the lower the level of stress at work.
Analysis of association between stress at work and health status
The results of the association tests are shown in Table 7 . In spite the correlations were low, the work stress showed statistically significant association with all physical and mental health dimensions (p<0.0001), and the higher the stress level, the worse the health status.
Discussion
The level of stress in this studied working population was moderate and distinct variables were independently associated with stress at work. Also, we observed stress at work associated with all evaluated health dimensions.
The response rate for the present study was 87.5%, thus above the 75.0% considered adequate 20) . The analysis of internal consistency showed that Baecke's questionnaire registered a Cronbach's alpha of 0.66. There isn't an ideal cut-off point to arbitrate Cronbach's alpha and, more important than judging its merit (good or bad), it is to assess the complexity of the phenomenon one intends to measure 21) . Considering that the practice of physical activities is relevant to the study and it is a factor too complex to be measured, we have decided to maintain it in the analysis.
Characteristics of the studied population
The studied population had some specific socio-demographic characteristics, such as its composition in terms of sex, age and income. Due to this fact, is difficult to compare results with other working groups. Regarding SF-36 dimensions, the study population reported good health status, all of them with 70% out of the maximum score levels.
As lifestyles is concerned this group of electric utility workers showed a satisfactory profile concerning the practice of physical exercise (98.1%), however such practice lacked homogeneity in terms of frequency, type and intensity. The high prevalence of physical activity of this studied population can be explained by two factors: (1) there is a fitness center close to their workplaces and actions to encourage the physical practice in this company has been developed for some years, and (2) the job tasks require a good physical conditioning to meet the tasks demands, which may encourage to maintain an adequate functional ability. It is well known that the abuse of alcohol causes serious damage to the employees, businesses and society 22, 23) . It was reported a high prevalence of drinking habits (78.7%) and alcohol addiction (22.2%) among the studied population. This alcohol consumption is not consistent with a favorable profile of high physical activity and health status of the studied population.
The study design does not allow casual relations, but during the data collection it was possible to raise a speculative hypothesis: this was a predominantly male and young population, with intense social life, and alcohol consumption is culturally valued as a positive behavior expressing masculinity and sociability. Alcohol consumption is a social act with defined in the context of each social group, and this is related to the cultural image of masculinity, socialization, competitiveness, achievement and self-esteem [24] [25] [26] . As the study group is a young population this might explain why the negative effects of alcohol consumption still are not present 23) . Another aspect of consideration is the healthy worker effect due to the study design.
The high prevalence of overweight and obesity was also not consistent with the regular practice of physical activity of the studied population. A possible explanation would be a methodological limitation as we used BMI as a measure of nutritional status. The BMI does not allow the distinction between fat mass and fat-free mass, mainly in men, and the practice of physical exercise can reduce the length of the waist without altering the value of BMI 27, 28) .
Stress at work
The assessment of work psychosocial factors showed that the major sources of stress were those related to difficulties concerning professional growth and appreciation. As for the global evaluation of work activities, perception of an intermediate level of stress at work was reported. This result is similar to the one obtained from a study using the same methodology to evaluate 237 employees working at a banking institution 16) .
The reported level of stress at work can be considered moderate into the score, but must be taken into account because of its possible adverse impacts. Continuous exposure to adverse conditions may trigger backlashes in terms of morbidity, and may also compromise wellbeing, reduce productivity, and increase both absenteeism and dissatisfaction with work 1, 2, 19, 29) . 
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Associated factors with stress at work
The multivariate analysis showed the practice of physical activities and income level as associated factors with the level of stress at work.
As mentioned, since the study design does not allow causal relationships, the association observed between the practice of a physical activity and stress at work may have two distinct interpretations. On one side, physical exercise triggers positive psychobiological changes leading to body mass control, maintenance of physical capacity and reduction of symptoms associated with depression and anxiety, thus increasing self esteem and reducing emotional reactions to stress 30, 31) . On the other side, stress at work may operate in an indirect way, affecting behaviors and life styles 1, 32) . Psychosocial stress factors, such as lack of time, low motivation or financial difficulties may hamper the practice of physical activities, particularly among workers having a lower educational level or among those occupying lower positions in the hierarchical ladder 31) . Tasks involving a high level of stress and poor control upon the work performed are associated with a lower level of physical activity 33, 34) . The present study also found that a reduction in income was associated with an increase in the level of stress at work. High income level, career opportunities and appreciation are the rewards expected. When there is no balance between the effort undertaken and the reward received, negative feelings may be triggered as a response to stress 29, 32) . Also, low income often associated with other negative factors like increased job insecurity, irregular working hours, occupational hazards and low work control, that can enhance their mutual negative effects, increasing stress at work and its harmful consequences 17) .
Association between stress at work and health status
In this studied population the stress at work was associated with all of the physical and mental health dimensions. The results point to the negative effects of stress upon health status. The association between stress and health has been consistently demonstrated, and evidence shows that stress at work gives a substantial negative contribution to workers' physical diseases and mental disorders 2, 3, 18, 19, 29, 32) .
Exposure to work stressors result in non-specific reaction mechanisms generating negative mental and physiological responses, precursors of diseases, and can evolve to decreased well being, health symptoms and medical outcomes 1, 35) . The SF-36 scales do not evaluate or identify specific health disturbances or diseases. It shows the perception of intermediate responses, such as changes in functioning and wellbeing, due to stress exposure, having the potential to anticipate health deterioration 14, 15) . It was observed weak correlations between stress at work and health dimensions. This is an indication of other factors mediating this process. In spite of it, physical as well as mental components showed statistical significance. These results are compatible with reported diseases by the study population. Former analyses based on the same set of data obtained from the present study and reported elsewhere 5) showed that prevailing diseases reported by workers were mild emotional disorders (8%) and musculoskeletal disorders (ranging from 3.2% to 13.7%).
In the last decades several studies investigating the association existing between health and stressing agents present in the work psychosocial environment have been published 3, 18, 19) .
Longitudinal studies showed that regardless of individual characteristics, stressors at work prevail in the determination of mental health 29) . There is consistent evidence that an increase in physical and mental demands at work combined with a reduction in control over work, as well as great efforts combined with low rewards are conditions that favor the generation of common mental disorders, such as anxiety and depression 18, 29) .
The performed activities by the study population at work involved physical and mental demands, in some situations requiring moderate or intense physical efforts and/or constant exposure performed by blue collar electrical workers and white collar computer workers [4] [5] [6] [7] . The musculoskeletal disorders and associated pains may be related with the above mentioned working conditions, and can explain the association between physical dimensions of SF-36 and stress at work.
Final comments
The present study enabled us to characterize stress at work among electrical workers, its associated factors, as well as their associations with health status. The external validity of this study can be extended for workers of electrician companies having similar characteristics regarding demographic, working conditions and work organization.
Although the levels of perceived stress aren't considered too high, in view of the effects deriving from continuous exposure, we suggest the implementation of measures aiming to improve the work organization and the psychosocial environment, so that worker's needs and expectations are balanced with work demands. Such measures should address the factors identified as the major sources of stress. Special attention should be given to remuneration and practice of physical activity, which was also associated with stress at work, independently of any other variable.
The alcohol intake and overweight/obesity were not significantly associated with stress at work, and it may be due to the ceiling effect of their results distribution. In spite of this, they can be considered health risk factors and so it is necessary to implement intervention measures to control mentioned factors as well as to conduct a careful assessment of the nutritional status. Considering the limitations of the cross-sectional study design and the scarcity of studies on health and stress among electrical workers, new studies should be carry out, ideally under a design that would allow causal relationships and to evaluate the results of the implemented measures for controlling stress at work.
